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______________________________________________________________________________________ 
Abstract 
This study was designed to evaluate the nutrient intake, digestibility, degradability, and ruminal 
characteristics of Sindhi heifers fed diets that contained a combined total of 75% oldman saltbush hay 
(hereafter saltbush hay) and prickly pear cactus. Eight 12-month old intact male red Sindhi calves (four 
fistulated and four non-fistulated) with an initial mean weight of 170 ± 5 kg were assigned to 4 × 4 Latin 
squares, where factors consisted of four diets, namely 15% hay and 60% cactus; 30% hay and 45% cactus; 
45% hay and 30% cactus; and 60% hay and 15% cactus, and four times at which rumen fluid was collected. 
Neutral detergent fibre (NDF) and acid detergent fibre (ADF) intakes in kg/day and NDF in percentage live 
weight (LW), water intake, salinity, and conductivity increased with hay level. Intake and digestibility of non-
fibrous carbohydrates were curvilinear with higher values in diets containing 30% saltbush hay. The apparent 
digestibility of dry matter (DM) and organic matter decreased linearly as the concentration of saltbush hay 
increased in the diet. The pH of the rumen fluid was within the acceptable range for favourable microbial 
growth. The low temperature and high salinity and conductivity indices in the diets should be viewed with 
caution at higher concentrations of saltbush hay, because of a possible decrease in nutrient absorption and 
the development of health problems in the animals. Apparent degradability coefficients of DM and NDF were 
affected significantly by inclusion of prickly pear and saltbush hay in the diets.  
______________________________________________________________________________________ 
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The market for animal products encourages production systems to focus on efficiency and final 
product quality to minimize seasonality (Alao et al., 2017). Although Brazil is rich in natural resources, cattle 
production systems in the semi-arid region show low yields from continuous exposure of animals to stressful 
conditions. Such poor production is associated with animal nutritional deficiencies, the use of exotic animal 
breeds that are unsuitable for the local climate, the high cost of supplemental fodders, and low forage 
availability (Alves et al., 2017). 
In the semi-arid region, several food sources can be used as ruminant feed. However, the nutritional 
value and quality of these sources are determined by a complex interaction between ingested nutrients and 
microbial action in the digestive tract, which involves digestion, transport, metabolite uses, and animal 
physiological status (Nunes et al., 2015, Celi et al., 2017). 
Oldman saltbush (Atriplex nummularia Lindl) has been used in several arid and semi-arid regions 
worldwide as fodder to supplement ruminant diets. This species is a halophyte, and its fodder has a high salt 
concentration (Helal et al., 2018). However, it is necessary to evaluate the potential of halophytes as fodder 
in association with other plants that are adapted to Brazilian semi-arid conditions (Norman et al., 2012). For 
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example, prickly pear (Opuntia ficus) can be used with other halophyte species since it is a succulent 
carbohydrate-rich food source that is critical to cattle production, especially during prolonged drought when it 
can meet most of the water needs of animals (Silva et al., 2017).  
The objective of this study was to evaluate nutrient intake, digestibility, degradability, and ruminal 
characteristics of the feed by Sindhi calves fed diets containing saltbush hay and prickly pear. 
 
Materials and Methods 
The experiment was conducted in the Animal Metabolism Unit at Caatinga Experimental Station of 
Embrapa Semiárido, Petrolina, Pernambuco, Brazil (09°09′ S, 40°22′ W, 365 m). All the animals were cared 
for in accordance with the guidelines of the National Council for the Control of Animal Experimentation 
(CONCEA, 2008). The mean annual rainfall in the study region is 570 mm, with mean annual maximum and 
minimum temperatures of 33.8 ºC and 21.5 ºC (EMBRAPA, 2014). 
Eight Sindhi male calves (four fistulated and four non-fistulated), with an initial mean weight of 170 ± 5 
kg and a mean age of 12 months, were distributed in a double 4 × 4 Latin square, where factors consisted of 
four dietary treatments (Table 1) and times at which rumen fluid was collected. Before starting the study, 
animals were weighed, identified with numbered ear tags, treated for endo- and ecto-parasites, and assigned 
to individual pens (1.00 × 1.60 m) with feeders, water dispensers, and salt troughs.  
 
 
Table 1 Proportion of ingredients and chemical composition of diets fed to Sindhi calves 
 
Ingredient  
Levels of oldman saltbush hay, % 
15  30  45  60  
         
Oldman saltbush hay (%) 15  30  45  60  
Prickly pear (%) 60  45  30  15  
Concentrate (%) 25  25  25  25  
Soybean meal (g/kg) 600  400  400  198  
Corn bran (g/kg) 316  504  520  722  
Urea (g/kg) 4.0  16.0      
Mineral and vitamin supplement (g/kg) 80.0  80.0  80.0  80.0  
Chemical composition (g/kg dry matter) 
Dry mattera 517.5  636.1  680.6  790.0  
Organic matter 842.0  842.0  821.3  836.5  
Mineral matter 152.0  158.0  161.0  155.4  
Crude protein 109.7  109.4  104.7  98.4  
Neutral detergent fibre 341.1  425.3  417.6  532.5  
Acid detergent fibre 165.1  218.2  237.6  287.4  
Ether extract 14.3  16.7  19.0  15.2  
Total carbohydrates 746.3  695.9  699.4  731.0  
Non-fibrous carbohydrates 405.3  270.6  281.8  198.5  
Lignin 41.9  66.2  72.2  104.1  
Hemicellulose 175.9  207.1  180.0  245.2  
Cellulose 123.3  152.0  165.4  183.2  
Total digestible nutrients 509.8  508.1  501.4  507.4  
Phosphorus 2.6 0.25 0.30 0.23 
Potassium 15.8 11.7 9.9 6.2 
Calcium 24.0 22.1 24.8 21.5 
Magnesium 5.3 5.2 5.1 4.9 
Sodium 17.7 27.0 32.0 34.6 
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The study was divided into four 19-day periods, in which the first ten days were for animal adaptation 
to diets. Treatments consisted of four diets in which saltbush and prickly pear collectively made up 75% of 
the ration with varying percentages of each. For convenience, these diets are referred to by the percentage 
of hay. To make the hay, the oldman saltbush, approximately 1.5 m in height, was cut manually at 30 cm 
above the ground. The prickly pear was harvested at 24 months after regrowth and was offered fresh and 
processed daily to supply the animals. All materials were processed in a stationary forage chopper (PP-35, 
Pinheiro máquinas, Itapira, São Paulo, Brazil) to an average particle size of approximately 2.0 cm. The diets 
were provided with a total mixed ration (TMR). Nutrient composition of the oldman saltbush, prickly pear, and 
the concentrate mixtures used in the study are given in Table 2. 
 
 
Table 2 Chemical composition of ingredients in experimental diets that varied in ratio of prickly pear to 
oldman saltbush 
 
Item, g/kg dry matter Prickly pear Oldman saltbush 
Experimental diets1 
15:60 30:45 45:30 60:15 
       
Dry matter, as fed 247.9  897.1  887.6  886.6  889.1  885.2  
Organic matter 848.7  829.5  839.1  816.6  783.6  832.7  
Mineral matter 151.3  170.5  160.9  183.4  216.4  167.3  
Crude protein 42.3  75.6  197.4  356.2  299.1  181.2  
Neutral detergent fibre 333.6  623.7  205.8  295.4  227.7  304.0  
Acid detergent fibre 172.2  385.5  69.5  67.4  69.7  65.5  
Ether extract 15.1  18.7  14.1  16.0  18.9  19.6  
Total carbohydrates 791.4  745.1  627.6  444.4  536.5  633.4  
Non-fibrous carbohydrates 457.8  121.5  421.8  149.0  308.8  329.5  
Lignin 30.9  142.8  12.7  20.8  16.9  20.4  
Hemicellulose 161.3  238.2  136.4  228.0  158.0  238.4  
Cellulose 141.3  242.7  56.7  46.6  52.8  45.2  
Phosphorus 5.3  7.7  8.7  8.1  10.1  7.2  
Potassium 10.2  1.28  9.2  8.4  8.7  8.4  
Calcium 28.1  8.0  16.1  17.5  22.1  19.2  
Magnesium 5.6  5.9  3.3  3.1  3.0  2.7  
Sodium  1.2  49.2  26.4  27.0  39.5  20.3  
             
1Present as the ratio hay: cactus using in ration formulation 
 
 
Feed was provided twice a day (at 9h00 and 14h00), and water was provided ad libitum. The leftovers 
were collected and weighed to determine intake and adjust the dry matter intake (DMI) to allow 10% 
leftovers in the trough. Samples of the food and leftovers were collected weekly for further laboratory 
analysis. 
The DMI was obtained from the difference between the total DM of feed intake and the total DM in the 
leftovers. Nutrient intake was determined as the difference between the total nutrients in the feed intake and 
the total nutrients in the leftovers, on a total DM basis. 
Dietary nutrient digestibility was estimated using an external indicator (enriched and purified lignin, 
LIPE®) at 0.5 g per animal. It was provided once daily in the morning, during the last four days of each 
experimental period. The faeces of each animal were collected twice a day (at 8h30 and 14h30) directly from 
a rectal funnel in labelled plastic bags, which were stored at -20 °C and processed at the end of each period. 
The LIPE concentration in faeces was measured by infrared spectroscopy, and faecal production was 
calculated by the logarithmic ratio of spectral bands (Saliba et al., 2015). 
Water intake was measured daily. It was supplied in buckets that were weighed before being supplied 
and 24 hours afterwards. To measure daily evaporation, three water-filled buckets were placed near the 
pens. 
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After thawing, samples of fodder, leftovers, and faeces were pre-dried in an oven at 55 ºC for 72 hours 
and ground in Wiley mills with 1-mm sieves. Laboratory analyses were performed using the methods 
described by Association of Official Analytical Chemists (AOAC, 2016) for DM (method 967.03), mineral 
matter (M) (method 942.05), crude protein (CP) (method 981.10), and ether extract (EE) (method 920.29). 
Neutral detergent fibre (NDF) and acid detergent fibre (ADF) contents were determined as described by Van 
Soest et al. (1991). Lignin (LIG), phosphorus, potassium, calcium, magnesium, and sodium were measured 
by treating the ADF residue with 72% sulfuric acid (Silva & Queiroz, 2002). Total carbohydrate (TC) and 
cellulose (CEL) were estimated using the equations proposed by Sniffen et al. (1992): 
 
TC (%DM) = 100 – (CP + EE + MM) 
CEL = ADF – LIG 
 
Non-fibrous carbohydrate (NFC) content was measured as proposed by Hall (2003):  
 
NFC = %TC – %NDF 
 
Hemicellulose (HEM) was calculated using the equation:  
 
HEM = NDF – ADF 
 
Nutrient apparent digestibility coefficients (ADC) were calculated using the equation:  
 
ADC = {[nutrient intake (kg)]–faecal excretion (FE) / nutrient intake (kg)}  100 
where: FE = 50% LIPE in faeces 
 
Total digestible nutrients (TDN) were estimated using the equation developed by Sniffen et al. (1992):  
 
TDN = digestible CP + 2.25  digestible EE + digestible NDF – faecal NDF) + digestible NFC; and 
%TDN = (TDN intake/DM intake)   100 
 
On day 11 of each study period, four ruminal content samples were collected from each calf every four 
hours. The first sample was taken before the diet was offered in the morning (0h00), and the others 4, 8, and 
12 hours after feeding. 
A 50 mL aliquot of ruminal content was taken from the middle of the rumen, between the solid and 
liquid phases, for each animal, time (0, 4, 8, and 12 hours), and study period. These samples were 
measured for pH, temperature, conductivity, and salinity. Two 20 mL subsamples were then collected to 
determine ammoniacal nitrogen (NH3-N) according to the method of Chaney and Marbach (1962). 
Nutrient degradability analysis started on day 12 of each period. Incubations were performed in the 
morning, before the diets were administered, and incubation periods were 0, 4, 6, 12, 24, 48, and 96 hours, 
whereas at time zero the samples underwent only a washing under distilled water at 39 °C. Potential 
degradability (PD) and effective degradability (ED) were measured using the model proposed by Ørskov and 
McDonald (1979). 
Data were subjected to analysis of variance (ANOVA) and regression using the SAS statistical 
software package (SAS Institute Inc., Cary, North Carolina, USA). Effects with P < 0.05 were considered 
significant and differences between the associated means were evaluated using Tukey’s test. 
 
Results and Discussion 
The NDF intake (in kg/day and in % LW) increased linearly (P <0.05) as levels of saltbush hay 
increased in the diets. A similar result was obtained for ADF intake (Table 3). NFC intake showed a quadratic 
response (P <0.05) and was highest using 34.83% of saltbush hay (Table 3). Water intake increased 
significantly (P <0.05) as the concentration of hay increased in the diets, with water intake of 219 mL for 
each 1% increase in hay ingestion (Table 3). 
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Table 3 Nutrient intake by Sindhi calves fed diets containing various concentrations of oldman saltbush hay 
and prickly pear 
 
Nutrients 
Levels of oldman saltbush hay, % 
SE P- value 
15 30 45 60 
       
 kg/day 
Dry matter 2.72  3.37  2.71  2.84  34.2 0.3463 
Crude protein 0.24  0.39  0.33  0.27  0.11 0.2180 
Organic matter 2.39  2.28  2.23  2.39  0.02 0.0811 
Mineral matter 0.43  0.45  0.42  0.41  0.09 0.0921 
Ether extract 0.04  0.05  0.05  0.05  0.02 0.2167 
Neutral detergent fibre1 0.89  1.05  1.15  1.36  0.02 <0.001 
Acid detergent fibre2 0.47  0.53  0.62  0.72  0.05 <0.001 
Total carbohydrates 1.85  1.98  1.81  1.74  0.03 0.2003 
Non-fibrous carbohydrates3 0.78  0.91  0.87  0.75  0.07 0.0170 
Total digestible nutrients 1.39  1.71  1.36  1.29  0.03 0.2109 
 g/day 
Phosphorus 8.15  9.85  9.22  8.03  0.52 0.2940 
Potassium 87.00  78.77  57.75  52.32  2.72 0.2111 
Calcium 206.68  178.19  118.71  80.10  15.4 0.0542 
Magnesium 46.61  42.09  28.68  23.37  1.77 0.0550 
Sodium 31.18  52.68  77.31  96.19  6.48 0.2108 
 g/kg BW0.75 
Dry matter 55.67  68.75  58.27  60.25  2.15 0.5510 
Crude protein 4.81  8.02  6.99  5.76  0.22 0.0895 
 % BW 
Dry matter 1.53  1.88  1.62  1.67  0.06 0.3123 
Neutral detergent fibre4 0.50  0.59  0.68  0.80  0.03 0.0206 
 L/day 
Water5 16.19  20.27  23.38  26.13  0.85 <0.001 
           
Equations: 1 Ŷ = 0.74 + 0.010x, R2 = 0.98; 2 Ŷ = 0.38 + 0.005x, R2 = 0.99; 3 Ŷ = 0.53 + 0.02x - 0.0003x2, R2 = 0.99; 




The ADC of DM and OM decreased linearly (P <0.05) as levels of saltbush hay increased in the diets, 
with a decrease of 0.14% and 0.17% for each 1% of ingested hay, respectively. The ADC of NFC had a 
quadratic response (P <0.05) and was highest in the diets containing 30% hay (Table 4).  
Concentrations of NH3-N were high at most time points. However, no interaction, of diet with time 
(Table 5). Compared with pH and temperature the level of ruminal NH3-N was highly variable (CV = 3.45 and 
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Table 4 Apparent digestibility of nutrients by Sindhi calves fed diets containing various concentrations of 
oldman saltbush hay and prickly pear 
 
Items (%) 
Levels of oldman saltbush hay (%) 
SEM P value 
15 30 45 60 
       
Dry matter1 75.26 74.93 70.42 69.41 1.42 <0.001 
Organic matter2 75.02 74.24 72.12 67.09 1.56 <0.001 
Crude protein 76.75 76.14 74.21 69.73 2.65 0.1591 
Neutral detergent fibre 57.92 59.40 52.97 53.61 2.33 0.1338 
Acid detergent fibre 46.83 49.54 43.52 45.07 2.80 0.3422 
Ether extract 66.77 66.41 61.87 57.81 2.59 0.1733 
Non-fibrous carbohydrates3 90.25 94.91 93.17 92.31 0.77 <0.001 
       
Equations: 1 Ŷ = 78.02 - 0.15x, R2 = 0.89; 2 Ŷ = 78.60 - 0.17x, R2 = 0.88; 3 Ŷ = 84.66 + 0.49x - 0.006x2, R2 = 0.76 
 
 
Table 5 Analysis of variance for ammoniacal nitrogen, pH and temperature of the rumen contents 
 
Source of variation DF 
Mean squares 
NH3-N, mg/100ml pH Temperature (oC) 
     
Periods 3 0.069 0.164 9.205 
Animals 3 0.521 0.081 0.837 
Levels of hay (D) 3 0.102 0.238 1.680 
Error1  6 0.389 0.169 0.718 
Time (T)  (3) 0.384* 1.620** 14.060** 
Linear effect 1 0.332 4.795** 18.233** 
Quadratic effect 1 0.457 0.076 20.929** 
Lack of fit 1 0.334 0.071 0.961 
D x T  9 0.060 0.025 0.339 
Residual2  36 0.120 0.046 0.804 
     
 * and ** significant at 5 and 1% probability, respectively, DF: degrees of freedom, CV: coefficient of variation; NH3-N: 
ammoniacal nitrogen  
1 Error (a) was used to test effects of periods, animals and levels of hay 
2 Residual was used to the time effect, regressions on time, and the interaction of time with levels of hay  
 
 




Levels of oldman saltbush hay, % 
15 30 45 60 
     
0  0.36 0.66 0.69 0.67 
4  0.78 0.98 0.74 0.83 
8  0.56 0.66 0.45 0.56 
12  0.56 0.48 0.24 0.60 
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Ruminal pH showed a linearly decreasing function (P <0.05) with time, regardless of hay concentration 
(Figure 1). Temperature presented a quadratic function (P <0.05) at the evaluated time points (Table 5), with 
a maximum value at 7.66 hours, but decreased at the last time point, after 12 hours (Figure 2). 
 
 
Figure 1 pH values of ruminal fluid as function of collection times in Sindhi calves fed diets containing 
various concentrations of oldman saltbush hay and prickly pear 
 
 
Figure 2 Rumen liquid temperature as function of collection times in Sindhi calves fed diets containing 
various concentrations of oldman saltbush hay and prickly pear 
 
 
Salinity and conductivity exhibited similar relative variability with coefficients of variation of 8.02 and 
7.60, respectively. The salinity and conductivity levels changed significantly (P <0.05) according to the hay 
levels and time points (Table 7). Treating the levels of saltbush hay as a continuous variable revealed 
significant linear effects for both salinity and conductivity (Figures 3 and 4) (P <0.01). No curvilinear effect or 
interaction of the linear effect with time was detected (P >0.05) for either of these response variables. 
Changes over time in salinity and conductivity both exhibited curvilinear effect (P >0.01) and also had a 
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Table 7 Analysis of variance for salinity and conductivity of the ruminal fluid  
 
Source of variation DF 
Mean squares 
Salinity, dЅ /cm Conductivity, mЅ /cm 
    
Periods 3 0.466 1.271 
Animals 3 1.657* 4.578* 
Levels of hay (D) 3 3.188** 8.591** 
Error (a)1  6 0.297 0.771 
Time (T)  3 2.733** 5.969** 
D x T  9 0.137 0.352 
Residual2 36 0.324 0.844 
    
 * and ** significant at 5 and 1% probability, DF: degrees of freedom, CV: coefficient of variation 
1 Error (a) was used to test effects of periods, animals and levels of hay 
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Diets that contained 15% saltbush hay had a higher degradation of fraction ‘a’ for prickly pear DM 
(33.2). The potentially degradable fraction ‘b’ of DM was higher (55.2) in animals fed diets containing 45% 
hay (Table 8). Degradation rates of fraction ‘b’ of DM (19.7% and 18.6%) and NDF (16.4% and 15.9%) were 
comparatively lower using 45% and 60% of saltbush hay in the diets (Table 8). The degradation rates of the 
soluble fraction of DM and NDF of both prickly pear and saltbush hay were higher in feeds containing 60% of 
hay (Table 8). 
The PD of DM and NDF of prickly pear and saltbush hay was relatively lower in feeds containing 60% 
hay. However, the ED of DM in feeds containing 60% of hay was less affected by the rate of food passage 
and was decreased by 10.2% and 4% for prickly pear and hay, respectively, as the passage rate increased 
from 2.0% to 8.0%/h (Table 8). 
 
 
Table 8 Coefficients of degradation curves for dry matter and neutral detergent fibre, corresponding 
coefficients of determination for these curves, and estimates of potential degradation and effective 
degradability as a function of rate of passage 
 
 Degradation curve Potential 
degradation 
Effective degradation conditioned on rate of passage 
Diets* a b c R2 2.0 %/h 5.0 %/h 8.0 %/h 
         
Degradation of DM in prickly pear 
15  33.2 51.6 1.8 99 84.8 79.6 73.6 68.9 
30  32.5 52.8 1.6 93 85.3 79.4 72.7 67.7 
45  30.8 55.2 1.6 97 86.0 79.9 72.9 67.6 
60  31.5 52.2 2.0 98 83.7 79.0 73.3 68.8 
Degradation of NDF in prickly pear 
15  16.9 27.9 1.2 99 44.8 40.8 36.6 33.6 
30  16.9 30.6 1.0 94 47.5 42.4 37.3 33.9 
45  16.8 29.1 1.5 96 45.9 42.5 38.6 35.8 
60  16.5 26.6 1.9 91 43.1 40.6 37.6 35.2 
Degradation of DM in oldman saltbush hay 
15  26.3 21.0 1.1 98 47.3 44.1 40.7 38.5 
30  26.5 21.3 1.2 98 47.8 44.8 41.5 39.3 
45  26.2 19.7 1.3 96 45.9 43.3 40.4 38.4 
60  26.5 18.6 1.7 89 45.1 43.1 40.9 39.1 
Degradation of NDF in oldman saltbush hay 
15  0.2 18.2 0.8 96 18.4 14.8 11.4 9.3 
30  0.2 19.0 1.1 95 19.2 16.3 13.3 11.2 
45  0.7 16.4 1.4 93 17.1 15.1 12.8 11.1 
60  0.7 15.9 1.5 73 16.6 14.7 12.6 11.1 
         
*Percentages of substitution of prickly pear with oldman saltbush hay; a = soluble fraction; b = potentially degradable 
fraction in the rumen; c = rate constant for disappearance of fraction b, %/h’ DM: dry matter, NDF: neutral detergent fibre 
 
 
The increase in NDF intake can be explained by its increased level in the diets (Table 1). According to 
the National Research Council (NRC, 2001), NDF intake should be approximately 1.2% of LW. The present 
results confirm this estimate. Sun et al. (2018) reported that diets with a fibre content lower than the animal 
requirements show a positive relationship between NDF intake and its content, within the same level of 
production. When NDF content is below 60%, as observed in this study, its intake is limited by energy 
demand rather than the effect of satiety. 
The NRC (2001) indicated that ADF values lower than 30% promoted a high intake of DM. In the 
present study, despite the increasing ADF concentration in the diets and values being lower than 30%, DM 
intake was low (Table 2). This result may be related to the increased levels of lignin in the diets. That is, the 
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differences in ADF intake may be associated with variations in the composition and nutritional value of the 
hay. 
Van Soest (1994) showed that feeds with high NFC content are quickly fermented in the rumen, 
increasing the energy supply. The NFC intake did not exceed the limit of 43% in the diets, as suggested by 
the NRC (2001), probably because the amount of prickly pear decreased, increasing the NDF content by 
adding saltbush hay, hence reducing the NFC content in the diets (Table 2). 
A mean TDN intake of 1.44 kg/day, as found in the present study, could meet about 52% of the daily 
weight gain requirements (500 g) for zebu cattle with a LW of 250 kg, which corresponds to 2.78 kg/day of 
TDN (Valadares Filho et al., 2009). The NRC (1996) recommends diets with a concentration of 54% of TDN 
(540 g/kg of DM). In this study, these levels were close to 50% (Table 2). 
Given that DMI values showed no significant differences among the diets (Table 2), the concentrations 
of saltbush hay caused no increase in TDN intake, although the diets had NDF contents within the required 
limits (Table 2). However, the increasing concentrations of hay fostered the appearance of intake-limiting 
compounds, restricting ingestion, thus reducing nutrient availability and intake. 
The increase in water intake can be explained by the high concentration of salt in the hay, increasing 
the need to ingest water as the hay level increased and the concentration of prickly pear decreased. Alves et 
al. (2017) found that the water intake of animals depended on a combination of feed type and its water 
content, and salty feeds increase such intake. Church (1993) indicated that the recommended intake of 
water for cattle weighing more than 100 kg of LW in regions with temperatures above 27 °C is 16.0 to 18.6 
L/day. These values are lower than those obtained in the present study, probably because of the higher 
bodyweight (170 kg) of the animals. 
Although it was not significant, sodium intake increased as hay intake was raised (Table 3). The 
sodium intake observed in diets with 30% or more hay was above the requirement of 50 g/day, as 
recommended by NRC (2001). However, according to Cunningham (2014), excessive intake of Na does not 
cause intoxication, since intakes above the recommended level are regulated through excretion via urine and 
faeces, and through an increase in water intake and a decrease in food intake. 
The decrease in the ADC of DM and OM (Table 4) can be explained by the increase in the percentage 
of NDF in the diets, because NDF is negatively correlated with the ADC of DM and by the low DMI. The ADC 
values were 60% higher than those recommended by the Agricultural and Food Research Council (AFRC, 
1993). 
The high ADC of NFC presented a quadratic function and decreased with an inclusion of 30% or more 
hay, probably because of the decrease in the percentage of prickly pear, which has a high NFC 
concentration, and these carbohydrates are rapidly and fully digested by ruminants (mean of 98%). The 
treatment with 30% hay increased the ADC of NFC, which justifies the results obtained for DM and OM, and 
hence a higher TDN content. 
Because bacteria preferentially hydrolyse simpler carbohydrates, the addition of easily digestible 
carbohydrates to feeds such as starch reduces crude fibre digestibility and, given that the energy-protein 
ratios of the studied diets were not synchronized, the high ADC of CP can be justified. This is because these 
values result from the high protein degradation in the rumen, thus resulting in low DM intake (Persichetti 
Júnior et al., 2014; Gomez et al., 2016). 
The absence of significant results for NH3-N may be because of the effect of a high salt concentration 
in diets containing halophyte forage on nitrogen uptake and transport. Therefore, high salt concentrations 
may have inactivated enzymes and inhibited protein synthesis, because diets with increasing levels of 
saltbush hay presented a sodium concentration between 1.77% and 3.46% (Table 2), which is much higher 
than the value recommended by the NRC (2001) (0.06 - 0.08%). 
The pH values recorded in this study are explained by the low levels of ingested proteins and higher 
fermentation after feeding because of the excess NFC in the diet (Figure 1), which decreases the ruminal pH 
and the efficiency of microbial protein synthesis (Costa et al., 2015). Katole et al. (2016) found that the 
acceptable pH range for maximum microbial growth and maximum fibre digestion was 6.2 - 6.8. Costa et al. 
(2015) observed that pH values lower than 6.2 inhibited the rate of digestion and increased the time for cell 
wall colonization. 
Okoruwa et al. (2016) showed that rumen temperature is maintained relatively constant at 38 °C to 40 
°C, which is higher than the values found in the present study (Figure 2). This result may be because the 
temperatures were not measured directly in the rumen in this study but in the collected rumen fluid. 
The increasing levels of saltbush hay in diets increased salt concentrations (Figure 3). Moreno et al. 
(2015) observed that this forage plant is well adapted to saline soils and can extract large amounts of salt 
from the soil, which could be transferred to the hay. Abd El-Hack et al. (2018) reported that high salt levels in 
ruminant feed increased the concentration of sodium and chloride in the urine and faeces and might limit 
nutrient uptake, especially in arid soils and irrigated areas. The sodium concentration in the hay was 49.20 
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g/kg (Table 1), which is higher than the daily requirement (1.40 g/kg) for animals with a LW of 150–600 kg at 
an ambient temperature of approximately 30 °C. 
The electrical conductivity above 10 mS/cm (Figure 4) that was found in this study is considered high 
and may cause health problems, especially in the kidneys, with a consequent reduction in animal productivity 
(German et al., 2008). 
A critical characteristic of prickly pear is the rapid degradation of DM owing to the high proportion of 
NFC with high digestibility. Non-fibrous carbohydrates degraded rapidly in the rumen, which increases the 
energy supply and favours microbial growth, and hence DM degradation (Silva et al., 2018). The presence of 
60% saltbush hay in the diets decreased the fraction ‘b’ of NDF in both saltbush hay and prickly pear. This 
result can be accounted for partly by the effect of the less degradable fraction of the hay on ruminal 
microbiota efficiency in animals fed this diet. 
Despite the lower values of fraction ‘b’ of NDF for diets with an inclusion level of 60% saltbush hay, 
this treatment had the highest degradation rate of fraction ‘c’. Fraction ‘c’ is crucial since it determines 
nutrient degradation as a function of retention time of food in the rumen (Belanche et al., 2014). 
 
Conclusion 
The inclusion of increasing levels of saltbush hay in diets for Sindhi calves did not induce differences 
in nutrient consumption. However, its inclusion in diets at levels above 30% should be done with caution 
owing to the possibility of decreasing the acceptability of the diet. Diets with a lower proportion of hay 
promoted lower water intake, owing to the higher moisture content of the prickly pear. The pH values of the 
rumen contents were within the acceptable range for good microbial development. However, the low 
temperature and observed high levels of salinity and conductivity may decrease nutrient absorption and 
cause health problems. These diets had an influence on the DM and NDF degradability coefficients of prickly 
pear and saltbush hay. The response to substitution of saltbush for prickly pear was curvilinear with an 
intermediate optimum. Further studies to evaluate the effects of the saltbush feeding on the internal organs 
and to fine-tune the level of to be fed are recommended. These studies should allow for an adequate 
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